Soft corals from the Dendronephthya genus (Family Nephtheidae) can change size over short periods by pumping water into their internal hydro-skeletons. However, the drivers behind these size changes are not well understood. In a tidal-dominated estuary in eastern Australia, it was hypothesised that short-term changes in the size of Dendronephthya australis colonies occur in response to changes in tidal currents. This was tested by monitoring colonies over a period of several days using time-lapse photography. Colony extensions of up to 360% were observed, and size changes exhibited a repeated pattern, with two maxima and two minima occurring in each tidal cycle, matching patterns in semidiurnal tidal flows. A significant positive correlation between colony size and current velocity was identified, with size changes lagging currents. The results of the study provide valuable new information on the behaviour of D. australis and improve understanding of the environmental requirements for this species.
Introduction
Soft corals (Alcyonacea) occur throughout the world's oceans, and the Nephtheidae family, including the Dendronephthya genus, are widely distributed occurring in current-prone areas from Africa eastwards into the Pacific (Fabricius and Alderslade 2001) . Dendronephthya spp. occur in both tropical and temperate waters, and are characterised by a branching growth form, with stems and polyps supported and protected by calcareous sclerites (Fabricius and Alderslade 2001; Edgar 2012 ).
Dendronephthya spp. are known to expand and contract over short periods (Fabricius et al. 1995; Hellström and Benzie 2011) , with size changes generated through variation in water pumping in the internal canal systems forming their hydro-skeletons (Dahan and Benayahu 1997a; Fabricius and Alderslade 2001) . The drivers behind these short-term size changes are not well understood, but they are thought to occur in response to physical and environmental factors including current strength, availability of food, and predation (Dahan and Benayahu 1997b; Fabricius and Alderslade 2001) . Kükenthal, 1905 is a geographically restricted species that has only been found in large abundance within the Port Stephens estuary, New South Wales (NSW), Australia (Verseveldt and Alderslade 1982; Poulos et al. 2015) . Substantial changes in colony size have been observed over periods of less than an hour (pers. obs.), but drivers behind these changes have not previously been investigated. Understanding the environmental requirements for D. australis is particularly important as the species is thought to be under threat (Poulos et al. 2013; Harasti et al. 2014; Smith and Edgar 2014; Poulos et al. 2015) .
Dendronephthya australis
It is hypothesised that, as passive suspension-feeders, D. australis colonies rely on current flows to supply food, and that changes to colony size therefore occur in response to changes in tidal current velocity. To test this hypothesis, we measured the heights of soft coral colonies in situ over a period of several days, and explored their relationship with tidal current velocities over the same period. This study builds on previous work examining factors influencing distributions of D. australis (Poulos et al. 2015) , by clarifying the important relationship between tidal currents and D. australis behaviour.
Materials and methods
The study was conducted between January and March 2015 at four sites on the southern shoreline of the Port Stephens estuary (Figure 1) , where the majority of D. australis habitat occurs (Poulos et al. 2015 ). The Port Stephens estuary is classified as a tide-dominated drowned river valley, and is subject to strong semi-diurnal tidal flows (peak tidal currents >1 m s -1 ) (DPWS 1998).
Soft corals were monitored using GoPro Hero2 cameras fitted with Cam-Do (http://www.camdo.com/) time-lapse controllers. Three colonies were photographed at 15-minute intervals at each site, over a 4.5 day period, during daylight hours. Each photograph was analysed to determine colony height and polyp extension. Measurements of soft coral heights were made using the Coral Point Count with Excel extensions (CPCe) software package (Kohler and Gill 2006) . Calibration of measurements was conducted using a scale-bar positioned in the field of view at the same distance from the camera as the soft corals.
Depth averaged tidal current velocities were calculated at each site using the existing tidal model of the estuary (Poulos et al. 2015) , validated using tidal data and measured velocities from sites spanning the study region (DPWS 1998) . The model was created in the TELEMAC-2D hydrodynamic analysis package (Hervouet 2000) , and data from the tidal gauge at Shoal Bay, for the periods of interest, were used as input at the model boundary.
To allow comparisons to be made for the height changes of soft coral colonies of differing sizes (i.e. fully retracted volumes (Hellström and Benzie 2011)), analyses were conducted using a dimensionless variable (extension) calculated from the ratio of: colony height increase, to colony minimum height (i.e. extension = (height -minimum height)/minimum height). Cross-correlation analyses were conducted in R (R Core Team 2014) to test for significant relationships between D. australis colony extensions and current velocities, and to determine lags between colony responses and current changes.
Results and discussion
Cameras were in situ for 4.5 days at each site, generating 2139 data points for colony height from 12 soft coral colonies. Colony extensions of up to 360% were observed (Figure 2 . Crosscorrelation analyses identified correlations between extension and current velocity at all study sites (Table 1 ), indicating that D. australis actively controls expansion and contraction of its hydroskeleton.
Dendronephthya soft corals are azooxanthellate, passive suspension feeders (Fabricius and Alderslade 2001) , and phytoplankton, zooplankton, detritus, and dissolved organic matter are all thought to contribute to the food requirements for azooxanthellate soft coral species (Fabricius et al. 1995; Fabricius et al. 1998; Widdig and Schlichter 2001) . Efficiency of passive suspension feeding is highly dependent on both current speed, and particle concentrations, with encounter rates between feeding structures and food particles increasing as current velocities and particle concentrations increase (Sebens 1984; Shimeta and Jumars 1991) . Therefore for suspension feeders, the ability to increase in size in response to increased current flows, as exhibited by D. australis in this study, positively impacts on particle capture by: spreading polyps over a larger area; reducing overlaps between polyps; and locally reducing currents increasing food retention rates (Shimeta and Jumars 1991) . by additional factors; including diel variation, and fish predation, although these effects could not be examined using the time-lapse techniques used.
This study improves the understanding of the environmental requirements for this geographically restricted soft coral species and this has important implications for conservation management. For example, these data will help to identify other estuarine areas where current velocities may successfully support colonies, allowing informed decisions about sites that could be used for rehabilitation of the species. Further work is required to determine how other factors contribute to changes in D. australis behaviour including the effects of particle concentrations in the water column, fish predation, diel variation, and whether intra-specific competition for food occurs between adjacent colonies. 
